INTRODUCTION
============

NKB that belongs to the tachykinin family of peptides isa neurohormone related with endocrinological regulations of vertebrate reproduction. Tachykinin peptides were named after their ability to induce rapid contraction of gut tissue, and they act as a neurotransmitter and/or neuromodulator ([@R24];[@R15];[@R12]). There are three major tachykinin peptides, substance P (SP), neurokinin A (NKA) and NKB ([@R28];[@R6]). These peptides are derived by posttranslational proteolytic processing of preprotachykinins (PPTs) ([@R4]). PPT A encoded by tachykinin 1 (tac1) gene is processed into SP and NKA while PPT B encoded by tac3 (Tac2 in rodents) is processed into NKB ([@R10];[@R11]). Recently, NKB has been suggested to be a potential key player in the mechanism of gonadotropin releasing hormone (GnRH) release in mammals. Supportingly, Topaloglu et al. ([@R29]) demonstrated that a functional mutation of NKB or its cognate receptor, NK3R, in mammals resulted in the hypogonadotropic hypogonadism.

Vertebrates including fish have developed a sophisticated neuroendocrine system that controls reproductive activitiesresponding to the changes of external environments such as photoperiod, temperature, nutrition, etc. These changes initiate the onset of puberty and lead to gonadal development by regulating the secretion of GnRH from hypothalamus. However, the underlying mechanism which regulates the release of GnRH in hypothalamus has not been clearly understood. Through studies conducted for last two decades, arcuate nucleus (ARC) in mammalian hypothalamus was identified as a pivotal factor for the control of reproductive axis. In the ARC, NKB system showed a co-expression with kisspeptin, dynorphin, NK3R and estrogen receptor α (ERα) and had a steroid sensitivity in diverse mammalian species (for a review see [@R25]). Particularly, these neurons in ARC were connected to the terminal of GnRH neuron in median eminence of hypothalamus in mouse, suggesting an anatomical frame that could account for how this neuron regulates the pulsatile release of GnRH via steroid feedback (for a review see [@R25]).

Contrast to the progress made in the study of NKBsystem in various mammals, most of functional studies on fish NKB are limited to a model species. Results from these studies suggest that NKB system and its function in fish could differ from mammalian system. For example, unlike mammals, in zebrafish, there are two NKB genes (tac3a and tac3b) and three NK3R genes (tac3ra, tac3rb and tac3rc) ([@R2];[@R19]; [@R31]). Besides, piscine tac3 genes code for two tachykinin peptides, NKB and an additional peptide, NKBRP ([@R2];[@R19];[@R31]). In mature female zebrafish, treatment with NKB or NKBRP caused an increase of LH level in plasma ([@R2]), implying that the function of NKBRP as well as NKB is related to the control of reproduction in fish. Kisspeptins are also known to be associated with reproduction via the action of GnRH in mammals and fish ([@R18]; [@R23]). However, neurons expressing tachykinin genes (tac1, tac3a and tac3b) in zebrafish brain did not express Kiss genes which code for kisspeptins ([@R19]), suggesting that NKB might act independently from kisspeptin in zebrafish. However, whether the findings obtained from zebrafish are applicable to other teleosts, particularly to aquaculture species, is not clear at the moment.

Nile tilapia (Oreochromis niloticus) was chosen as experimentalanimals in this study. This species is one of the major aquaculture species and being bred globally including South Korea. Since they are easy to breed in captivity and have strong disease tolerance, this fish has been widely used as a model species for the studies of low vertebrates. The objective of this study is to investigate the role of NKB and NKBRP in the control of HPG axis in this aquaculture species. In this study, Nile tilapia tac3 gene was identified and characterized. Based on this tac3 gene sequence, NKB and NKBRP peptides were synthetized and administered to pituitary cells or whole fish. Responses to these NKB and NKBRP peptides were studied by analyzing expressions of GTH subunit genes in the pituitary cells or expressions of GnRH I, Kiss2, tac3 and GTH subunits genes with the plasma levels of sex steroid hormones (E2 and 11-KT) in mature females.

METHODS AND MATERIALS
=====================

1.. Animals and peptide synthesis
---------------------------------

Experimental fish were produced from wild type Niletilapia (O. niloticus) obtained from Chungju, Chungcheongbukdo in Korea. They were reared in a closed recirculating aquaculture system at 27±1°C under a controlled photoperiod (14L:10D) and fed twice a day.

Nile tilapia NKB, EMDDIFIGLM-NH2 (MW, 1183.4)and NKBRP, YNDLDYDSFVGLM-NH2 (MW, 1551.6) were synthesized and carboxyl terminus was amidated using custom peptide synthesis service and purified by HPLC to \>95% purity (Peptron, Korea).

2.. In silico and molecular cloning, phylogenetic analysis and sequence analysis
--------------------------------------------------------------------------------

Conserved sequences of tac3 from various animal specieswere identified using ClustalW. Tilapia tac3 primer pair was designed based on these conserved sequences (F1, 5\'- GGAACATCCTGAAGAGATAT-3\'; R1, 5\'-CCTCAGCC TGCACTTGTTGA-3\'; Tm, 50°C) for RT-PCR using brain cDNA from a male tilapia. The resultant PCR product was cloned and sequenced. The obtained partial tac3 sequence (224 bp) matched well to a part of tilapia genome. This putative tilapia tac3 partial sequence were similar to those of grass carp (Ctenopharyngodon idella) and Antarctic toothfish (Dissostichus mawsoni). To find out full sequence of tac3 mRNA including 3\' and 5\'-UTR, the additional tilapia tac3 primer pair was designed based on the common sequences between grass carp and Antarctic toothfish (F2, 5\'-TCTAGCCGATTCCACTCTACTT-3\'; R2, 5\'-GCTTTG TCTCCAGATAAAACCG-3\'; Tm, 54°C). The whole sequence of putative tilapia tac3 mRNA was then obtained by cloning and sequencing. The amino acid (aa) sequence obtained by ExPASy Translate Tool (http://www.expasy.ch/tools/dan. html) was used for conserved domains analysis (http://www. ebi.ac.uk/Tools/InterProScan/) and the putative peptides were predicted by PeptideMass program (http://web.expasy.org/ peptide_mass/). Tac3 protein sequence from various species were collected from GenBank, aligned by ClustalW and trimmed. The identical and similar residues in multiple aligned protein sequences were shaded by BoxShade (http:// www.ch.embnet.org/software/BOX_form.html).

3.. In vitro pituitary culture
------------------------------

Juvenile Nile tilapia with mixed sex (BW, 5.01±0.85 g;GSI, 0.10±0.02%) were anaesthetized with benzocaine (50 ppm), and their pituitaries were removed and individually incubated in a 96-well plate with 80% (v/v) Leibovitz L15 medium, pH 7.4, 10% fetal bovine serum, 100 IU/mL penicillin, and 100 μg/mL streptomycin for 3 hours at 27°C in a dark culture condition to stabilize them. The initial medium were replaced by fresh medium with different concentrations of NKB (0.1 and 10 μM) or NKBRP (0.01, 0.1 and 1 μM) peptide. After 6 hours, incubated pituitaries were collected for analysis. Viability of incubated pituitaries was confirmed by 0.4% trypan blue staining which showed that pituitaries were viable over 24 hours in this culture system. The pituitary glands were homogenized and total RNAs were extracted by TRI REAGENT^®^ (Molecular Research Center, Inc., USA). cDNAs were synthesized from 1 μg of the total RNAs with M-MLV reverse transcriptase (Promega, USA) and oligo d(T)~15~ primer (Promega).

Relative expression level of FSHβ and LHβ mRNA wasinvestigated using quantitative real-time PCR reactions (qRT-PCR). GAPDH was used as a reference gene for normalization of FSHβ and LHβ expression levels. qRTPCRs were assayed using SsoAdvanced^™^ SYBR^®^ Green Supermix (Bio-Rad, USA) and CFX96 Touch^™^ Real- Time PCR Detection System (Bio-Rad) in a 15 μL reaction mixture containing 5 μL cDNA (1:50 dilution), 7.5 μL SsoAdvanced^™^ SYBR^®^ Green Supermix, 250 nM forward and reverse primers ([Table 1](#T1){ref-type="table"}) and nuclease free water (N.F.W) up to 15 μL. The thermocycle profile was of 95°C for 30 sec and 40 cycles of 95°C for 5 sec and 60°C for 30 sec, and melting curve analysis was included at the end of last cycle. Each expression value of the mRNAs was presented as Ct (threshold cycles) values. The abundance level of the mRNAs was normalized against the amount of GAPDH and the relative abundance was determined by the comparative threshold cycle method, 2^--△△Ct^, using CFX Manager^™^ Software (Bio-Rad).

4.. In vivo injection
---------------------

To figure out the effect of NKB and NKBRP peptideson the brain-pituitary-gonad axis, 6--8 of mature female Nile tilapia (BW 60.18±10.97 g, GSI 4.48±1.37%) were anaesthetized with benzocaine (50 ppm) and their blood was withdrawn (T~0~) by heparinized syringes before hormones or vehicle injection. Synthetic Nile tilapia NKB, NKBRP or synthetic salmon luteinizing hormone releasing hormone (LHRH, as a positive control) (Sigma-aldrich, USA) at the concentration of 20 pmol/g BW, or PBS (as a negative control) was injected into the peritoneal cavity (peptide concentrations were decided based on Biran et al. ([@R2]) for NKB and NKBRP and Levavi-Sivan et al. ([@R14]) for LHRH, respectively) of mature female. After 6 hours, all experimental fish were anaesthetized, blood was withdrawn (T~1~), the brain and pituitary were removed for total RNA extraction, and the ovary was weighed and fixed in 10% formalin for histological observation.

###### 

Primers used for quantitative real-time PCR(qRT-PCR)

              Sequence                                Product size
  ----------- --------------------------------------- --------------
  Tac3 F      5\'-CTT ATG GGA CGG AGA AAC GC-3\'      96 bp
  Tac3 R      5\'-CCT CAG CCT GCA CTT GTT GA-3\'      
  LHβ F       5\'-GCT GTC ACC CAG TAG AGA-3\'         79 bp
  LHβ R       5\'-TTG CTG AAT GGT ATC TTG ATG A-3\'   
  GnRH I F    5\'-CTC GCA GGG ACG GTG TTT-3\'         70 bp
  GnRH I R    5\'-TCT TCC CTC CTG GGC TCA GT-3\'      
  FSHβ F      5\'-GGC TTC GTC GAC ACC ACC AT-3\'      148 bp
  FSHβ R      5\'-TGA AAC CCC GTG GAC ATT GC-3\'      
  Kiss2 F     5\'-CTA CTG GCT TTG GCT GTG GT-3\'      112 bp
  Kiss2 R     5\'-CTG CTC CTG TTG CAT GTG TT-3\'      
  GAPDH F     5\'-TTA AGG AAG CCG TCA AGA AG-3\'      126 bp
  GAPDH R     5\'-CAG CAC CAG CAT CAA AGA-3\'         
  β-actin F   5\'-AGC ATC CCG TCC TGC TCA CA-3\'      121 bp
  β-actin R   5\'-AGC ACA GCC TGG ATG GCA AC-3\'      

Protocols for total RNA extraction and cDNA synthesisfor the brain and pituitary tissues were the same as above. To examine the effect of NKB and NKBRP on reproduction, various genes related to reproduction were investigated using qRT-PCR, which include GnRH I, Kiss2 and tac3 in the brain and FSHβ and LHβ in the pituitary. Two housekeeping genes, β-actin and GAPDH were used as reference genes for normalization of each target gene expression level. qRT-PCR reactions were assayed in a 15 μL reaction mixture containing 5 μL cDNA (1:50 dilution), 7.5 μL QuantiMix SYBR, 250 nM forward and reverse primers ([Table 1](#T1){ref-type="table"}) and N.F.W up to 15 μL. The thermocycle profile was of 95°C for 10 min, and 40 cycles of 95°C for 15 sec, 60°C for 15 sec, and 72°C for 15 sec and melting curve analysis was included at the end of last cycle. Each expression value of the mRNAs was presented as Ct values. The abundance level of the mRNAs was normalized against the amount of β-actin and GAPDH.

To measure the effect on plasma level of E2 and 11-KT,enzyme-linked immunosorbent assay (ELISA) was conducted according to the manufacturer's protocols of Fish Estradiol (E2) ELISA kit (CUSABIO^®^, China) and Fish 11-keto testosterone ELISA kit (CUSABIO^®^). The plasma levels of E2 and 11-KT at 6 hours after the injection (T~1~) and right before the injection (T~0~) were read at 450 nm using EMax^®^ Endpoint ELISA Microplate Reader (Molecular Devices, Sunnyvale, CA) and calculated using logistic (log-log) curve-fit standard curve (R2\>0.99) which were generated by SOFTmax Pro 4.0 software (Molecular Devices).

Reproductive stage of fish used in this study was examinedby a routine histological method. Paraffin-embedded ovarian tissues were sectioned at 6--7 μm and stained with hematoxylin and eosin. The slides were observed under a light microscope. The images were captured by a camera (Leica 300FX) and analyzed by a software (Leica Microsystems GmbH, Germany). The stage of oocyte development was classified according to criteria given by Coward & Bromage ([@R5]).

5.. Statistical analyses
------------------------

Data were presented as mean±S.E.M. Statistical significancein gene expression in experimental groups was determined using independent t-test (p\<0.05) compared with that in negative control group. Analyses were performed using SPSS version 18.0.

RESULTS
=======

1.. Identification of tilapia tac3 gene
---------------------------------------

Nile tilapia tac3 gene contains 372 bp open readingframe (ORF) which encodes a PPT B of 123 aa ([Fig. 1](#F1){ref-type="fig"}). Nile tilapia PPT B contains two NKB-like sequences; YNDLDYDSFVGLM (50^th^--62^th^ aa) and EMDDIFIGLM (79^th^--88^th^ aa) ([Fig. 1](#F1){ref-type="fig"}). The former is NKBRP, which is also termed as NKF ([@R2]; [@R1]), and the latter is NKB. These NKB-like sequences contain a common Cterminal sequence, -Phe-Ile/Val-Gly-Leu-Met, and a cleavage and amidation signal, -Gly-Arg-Arg ([Fig. 1](#F1){ref-type="fig"}). In Nile tilapia genome, tac3 gene was found on GenBank acc. No. NT\_ 167440.1 (1,122,918-1,124,713 nt). The genomic sequence of tac3 is comprised of seven exons and six introns. NKBRP and NKB encoding regions are located in the 3^rd^ and 5^th^ exons, respectively. Multiple alignment of PPT Bs of various species is shown in [Fig. 2](#F2){ref-type="fig"}. It showed that the NKB and NKBRP regions of PPT B are highly homologous to other teleost species, and NKBRP found in fish including Nile tilapia does not exist in mammalian PPT B ([Fig. 2](#F2){ref-type="fig"}).

![**Nucleotide and deduced amino acid sequence ofNKB cDNA obtained from Nile tilapia *(O. niloticus)* brain.** The open reading frame 372 nt encodes a protein of 123 aa. Start (bold) and stop (\*) codons are indicated. The NKBRP and NKB peptide are boxed with line and shaded, respectively. Cleavage and amidation signals are underlined.](DR-20-51-g001){#F1}

2.. In vitro effect of NKB and NKBRP at the pituitary level
-----------------------------------------------------------

The expression levels of both FSHβ and LHβ were notchanged by NKB treatment at 0.1 μM and 10 μM ([Fig. 3](#F3){ref-type="fig"}A, C). On the other hand, NKBRP treatment significantly down regulated the expression level of FSHβ at 0.01 and 1 μM and those of LHβ at 0.01, 0.1 and 1 μM ([Fig. 3](#F3){ref-type="fig"}B, D).

3.. In vivo effect of NKB and NKBRP in female reproduction
----------------------------------------------------------

In the brain, GnRH I, Kiss2 and tac3 genes were investigatedusing qRT-PCR at 6 hours after ip injection of NKB, NKBRP or LHRH at 20 pmol/g BW or PBS. GnRH I and tac3 mRNA expression levels were significantly decreased only in NKBRP injection group compared to those of PBS injection group ([Fig. 4](#F4){ref-type="fig"}A, C). The amount of Kiss2 transcripts was decreased in both LHRH and NKBRP injection groups ([Fig. 4](#F4){ref-type="fig"}B). A significant increase of LHβ expression was only shown in the LHRH injection group, while both NKB and NKBRP injection showed no significant effect on the amount of LHβ and FSHβ transcripts in mature female pituitary ([Fig. 4](#F4){ref-type="fig"}D, E). After the injection, there were no significant differences in E2 and 11-KT plasma levels (data not shown). Gonadal reproductive stages of fish used in this study were in the stage of maturation and germinal vesicle migration.

![**Alignment of tac3 amino acid sequences from various vertebrates.** The consensus amino acids are indicated bydark shade and similar residues are indicated by light shade. The regions within boxes indicate a NKBRP and NKB peptide, respectively. GenBank accession numbers of tac3 amino acid sequences are as follows: Ctenopharyngodon idella, grass carp (AEK66724.1); Salmo salar, Atlantic salmon a (DAA35154.1); Oryzias latipes, medaka (DAA35166.1); Ictalurus punctatus, channel catfish (DAA35153.1); Sebastes rastrelliger, grass rockfish (DAA35157.1); Boreogadus saida, Arctic cod (DAA35161.1); Osmerus mordax, rainbow smelt (DAA35163.1); Danio rerio, zebrafish a (AEK94815.1); Homo sapiens, human (AAH32145.1); Nomascus leucogenys, Northern white-cheeked gibbon (XP_003252831.1); Macaca mulatta, Rhesus monkey (XP_001115535.1); Canis lupus familiaris, dog (XP849031.2); Sus scrofa, pig (AAV32522.1); Rattus norvegicus, rat (NP062035.1); Mus musculus, mouse (NP033338.2).](DR-20-51-g002){#F2}

DISCUSSION
==========

1.. Identification of tilapia tac3 gene
---------------------------------------

The complete cDNA sequence of tac3 gene in Nile tilapia was obtained by means of PCR cloning with the help fromthe genomic database of this species. This is, however, different from the result of Biran et al. ([@R1]) which reported that tilapia tac3 gene has ORF of 357 bp encoding 118 aa (GenBank accession No. KF471673 and AIG21810.1, respectively). They have identical NKB and NKBRP sequences; EMDDIFIGLM and YNDLDYDSFVGLM ([Fig. 1](#F1){ref-type="fig"}), which have a highly conserved C-terminal sequence, Phe-X-Gly-Leu-Met-NH2 ([@R16]). Their start codon is placed in the same position but the tac3 gene identified in the present study has longer ORF of 372 bp encoding 123 aa identical to a predicted sequence in GenBank (mRNA, XM_005478084.2; protein, XP_005478141. 2) known to be located on linkage group 20. Sequence analysis revealed that Nile tilapia tac3 gene consists of seven exons, and NKBRP and NKB encoding regions are located in the 3^rd^ and 5^th^ exon, respectively. In zebrafish, there are two tac3 genes, tac3a and tac3b, and each gene also consists of seven exons and encodes both NKBRP and NKB ([@R2];[@R19]; [@R31]). However, Nile tilapia tac3b form gene could not be found in this study. The multiple alignment of tac3 protein sequences showed that mammalian tac3 amino acid sequences contain a single NKB peptide ([Fig. 2](#F2){ref-type="fig"}), implying that NKBRP peptide sequence probably disappeared during evolution in this lineage ([@R20]).

![**Expression levels of FSHβ (A, B) and LHβ (C, D)mRNAs in Nile tilapia pituitaries cultured with different concentrations of NKB (A, C) or NKBRP (B, D) peptides.** Relative abundance of the mRNAs was normalized to the amount of GAPDH by the comparative threshold cycle method using qRTPCR. Results are means ± SEM (n=5--8). \* indicates significant difference from 0 μM group (P\<0.05).](DR-20-51-g003){#F3}

![**Expression levels of GnRH I (A), Kiss2 (B) andtac3 (C) mRNAs in the brains and FSHβ (D) and LHβ (E) mRNAs in the pituitaries of Nile tilapia injected either with LHRH, NKB, NKBRP or PBS.** Relative abundance of the mRNAs in the brains was normalized to the amount of GAPDH and β-actin and in the pituitaries was normalized to the amount of GAPDH by the comparative threshold cycle method using qRT-PCR. Results are means ± SEM (n=6--8). \* indicates significant difference from PBS group (P\<0.05).](DR-20-51-g004){#F4}

2.. In vitro effect of NKB and NKBRP at the pituitary level
-----------------------------------------------------------

To find out the direct effect of NKB and NKBRP on theexpression of GTH subunit genes in the pituitary tissue, the expression levels of FSHβ and LHβ in the tissue were measured by qRT-PCR after incubating the tissues with or without these peptides. In this study, the treatment of pituitary tissue with NKB peptide had no effect on the expression of GTH subunits. Interestingly, the pituitaries incubated with NKBRP peptide showed a significant decrease in the expression of both FSHβ and LHβ genes. This result, however, differ from the result of Biran et al. ([@R1]), where administration of NKB and NKBRP (termed NKF) peptides to primary pituitary cell culture media induced increase of GTH release at specific concentration between 1 to 1,000 nM. The discrepancy might be caused by the differences in the experimental methods. While in this study the whole intact pituitary tissues were cultured with peptides, Biran et al. ([@R1]) disintegrated pituitary into cells and used the primary cells, which would allow to contact with peptides readily. In addition, the possible discrepancy between the expression level of GTH subunits mRNA and the amount of GTH release might cause the different result. Taken together with the direct effect of NKB and NKBRP on the release of GTHs, the result in this study showed that NKBRP may have an inhibitory effect on the expression of GTH subunits directly at the pituitary level.

3.. In vivo effect of NKB and NKBRP in female reproduction
----------------------------------------------------------

Pulsatile GnRH release has a crucial role in the activation ofhypothalamus-pituitary-gonadal (HPG) axis ([@R30]). However, the cause of GnRH release remains unclear. Recently, NKB is being considered as a new candidate for a GnRH pulse generator in hypothalamus of mammalian species. The functional mutation of NKB/NK3R also caused hypogonadotropic hypogonadism ([@R29]), showing a potential involvement of NKB in the control of HPG axis. In ARC of hypothalamus in mammals, kisspeptin/ NKB/Dynorphin (KNDy) cells may serve as a central node in the control of GnRH secretion acting as conduits for a variety of intrinsic (e.g. internal hormones) and extrinsic regulatory signals (e.g. environmental cues) (for a review see [@R13]). However, such co-expression of tac3 gene with Kiss genes was not observed in zebrafish ([@R19]), which implied an existence of a different mechanism to regulate pulsatile GnRH release in fish.

In NKBRP treated group in this study, the expression levelsof GnRH I and Kiss2 mRNA in the brain were significantly decreased. Among three GnRHs, only GnRH I located in the preoptic area of hypothalamus in Nile tilapia implying its significance in reproduction of Nile tilapia ([@R22];[@R9];[@R3]). The fact that the treatment with NKBRP decreased the expression of Kiss2 gene suggests a possible interaction between NKBRP and Kiss2 in this species, although there was no co-localization of Kiss genes with tachykinin genes in the brain of zebrafish ([@R19]).

Kiss2 gene expression level was reduced by LHRH injectionin this study. A potential anatomical association of Kiss2 gene with GnRH was previously reported in tilapia, showing a co-expression of GnRH and GPR54, a cognate receptor of Kiss2 ([@R21]). Thus, GnRH is thought to receive the signal of Kisspeptin via GPR54. The injection of LHRH, one of GnRHs, caused the significant increase of LHβ subunit expression in the pituitary as expected and the decrease of Kiss2 in the brain that might be downregulated through a negative feedback. The amount of tac3 transcript which encodes both NKB and NKBRP was decreased by the administration of NKBRP, implying some possible autoregulatory effects of NKBRP on its own coding gene.

The principal pituitary gonadotropins, FSH and LH,consist of two glycoproteins, a common α subunit and a unique β subunit that confers biological specificity ([@R8] and [@R7]). In LHRH treated group, the positive control, LHβ transcript level was significantly higher than that of control group. In vivo injection of NKB or NKBRP, however, had no effect on the expressions of GTH subunits in the pituitary, although in vivo injection of NKBRP had an inhibitory effect on GnRH I transcript level in the brain and in vitro treatment of NKBRP reduced the expressions of GTH subunits in the pituitary. The concentration of peptides (20 pmol/g BW) may not strong enough to stimulate the hypothalamus-pituitary axis in mature female Nile tilapia. In the same species but different sex, different results were reported by Biran et al. ([@R1]). In male tilapia, ip injection of NKB or NKBRP increased the release of GTHs in vivo at specific concentration and timing. Injection of NKB at 10 μg/kg BW (8.5 pmol/g BW) resulted in increased plasma level of both FSHβ and LHβ at 2 hours after the injection, while NKBRP at 10 and 100 μg/kg BW (6.4 and 64.4 pmol/g BW) had effect only on the release of LHβ at 2 hours after the injection. In addition to the different dose of peptides, the sex of fish might also result in different effect. There were no data available about sex-specific difference of their function in fish but in some higher vertebrates. In ewes, NKB action on LH secretion varied depending on reproductive status, showing that NKB stimulates in the follicular but not the luteal phase ([@R17]). In addition, it also varied depending on endocrine status in adult female rats ([@R18]; [@R27]). To confirm this, further investigations on sex and life stage-specific effect of NKB and NKBRP peptides are required.

In conclusion, Nile tilapia tac3 gene and its molecularcharacteristics have been identified in this study. The result of in vitro pituitary culture demonstrated that Nile tilapia NKBRP peptide can inhibit the expression of GTH subunits. Furthermore, the injection of NKBRP suppressed the expression of GnRH I, Kiss2 and tac3 in the brain of mature female Nile tilapia in vivo. Both in vitro and in vivo results in this study suggested that NKBRP is involved in the control of reproductive axis, at least, at transcriptional level of the reproduction-associated genes, acting like an inhibitory substance in mature female Nile tilapia. So far as we understand, it is the first report that showed an inhibitory effect of NKBRP in teleost reproduction. Further studies are required to clarify any reproductive stage-specific, sex-specific or species-specific differences in the action of NKB and NKBRP in fish.
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